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2011 年，福建省柚子种植面积达 90 万亩以上，产量在 130 万吨以上，柚子





(1) 采用一定比例的乙醇-水在 80 ºC 条件下对柚子皮浸提 20 min，可以有效
除去苦味和色素。浸提液可用于制备柚皮苷粗品，得率约为 3%，纯度可达 70%。
设计正交实验 L9(3
4)优化果胶提取工艺：在 pH 为 1.5、温度为 95 ºC、液料比为
35:1 (mL:g)、提取时间为 75 min 条件下，果胶得率可达 15.7%；采用刮膜浓缩法
浓缩果胶提取液，果胶浓度由 0.6%提高至 4.5%；采用醇沉法沉淀果胶，最佳的
乙醇加入比例为 35%。 


























Pectin is a kind of acidic polysaccharides which are mostly made up of 
galacturonic acids linked by α-1,4 glycosidic bond. It is used in food as gelatinizer, 
thickener and stabilizer. And it also is widely applied in medicine industries and 
beauty care industries. 
In 2011, the planting area of grapefruit trees reached 900,000 acres in Fujian 
Province and the annual output of shaddocks exceeded 1.3 million tons. The shaddock 
was used for food and processed into juice, but meanwhile, about 400,000 tons of peel 
was generated as by-product. Although the peel could be used as raw material for 
pectin, it was discarded and got mildewed and rotten. This not only wasted available 
resources, but also caused environmental pollution. In order to solve this problem, this 
paper studied on pectin extraction process from shaddock peel, the changes of pectin 
quality caused by extraction process and pectin derivatization by amidated reaction 
with ammonia. The results were showed below. 
(1) The pigment and bitterness in the shaddock peel could be removed well by 
pretreatment with ethanol-water solution at 80 ºC for 20min; the crude naringin with 
purity of 70% and yield of 3% was prepared from the leach liquor. By orthogonal test, 
the highest yield of pectin, 15.7%, was obtained  when pH was 1.5, the extraction 
temperature was 95 ºC, the ratio of solvent to material was 35:1, and the extractiom 
time was 75 min. The concentration of the pectin solution increased from 0.6 to 4.5% 
by the wiped film evaporation. Pectin was obtained by ethanol precipitation method 
and the optimal percentage of ethanol added was 35%. 
(2) In the experiment range, the viscosity-average relative molecular mass of the 
pectin was between 100 ku and 200 ku; the content of galacturonic acid was between 
63.5% and 63.8%; the DE (Degree of Esterification) was between 63.5% and 63.8%. 
The viscosity-average relative molecular mass and the content of galacturonic acid 















prepared by acid extraction met the national standard (GB- 25533-2010). 
(3) The gas-solid reaction method can finish in 15min and required no solvent 
for amide pectin preparation. The temperature and the moisture content of the pectin 
acted synergistically during the amide reaction. The DA(Degree of Amidation) of 
product reached 28% when the moisture content of the pectin was 18% and the 
reaction was carried out at higher temperature. The reaction heat was 354J for each 
gram of pectin. The IR spectrum proved the existence of amide groups in the 
resultant. 
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脂肪、维生素 C、维生素 B1、维生素 B2、胡萝卜素、16 种人体必需氨基酸等成
分。柚子果肉多汁，每 100 g 果汁含糖 9.6~10.5 g、氨基酸 0.95~1.18 g、维生素
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而有选择地溶解目标成分（香精油），不溶解其他成分，以达到所需要的分离纯
化目的[4]。陈龙[5]采用超临界 CO2 萃取柚子皮香精油，在 50 ºC、25 MPa 条件下











萃取压力 50 bar，温度为 80 ºC，萃取时间为 15 min。经高效液相色谱分析，柚
皮苷得率约 4%，单次萃取率达 93%以上。经纯化的柚皮苷可作为合成新型甜味
剂二氢柚苷查耳酮的原料：在碱性条件下经氧化处理，再加氢还原，可得到二氢
查耳酮甜味剂，其甜度是蔗糖的 1000 倍[9,10]。 
柚子果皮中含有大量的膳食纤维。梁敏等[11]通过正交实验确定柚子皮水溶
性膳食纤维的最佳提取工艺条件为：温度 100 ºC、pH 为 5.0、时间 15 min、溶剂






















- 3 - 













图 1-1 果胶结构式 










糖醛酸含量。结果显示，果胶多糖由 GalA、Gal、Rha、Aia、Glc 和 Xyl 六种单
糖组成，相应摩尔比为 78.25:12.79:4.37:2.18:1.83:0.58。 
酯化度（Degree of Esterification, DE）是指果胶分子中甲酯化的羧基数目占
总羧基数目的百分数[10]。天然果胶按照其酯化度的不同一般分为两类：羧基甲
酯化的比例高于 50%（即 DE>50%）的称为高甲氧基果胶（HMP, High Methoxyl 
Pectin）或称高酯果胶；羧基甲酯化的比例小于 50%的（即 DE<50%），称为低甲











































































 1.2.4 果胶的市场供求情况  
近年来，国际市场对果胶的需求量日益增大，世界果胶贸易量大约 36 000
吨/年，市场需求量每年以 5%~6%的速度递增，尤其是东欧及亚洲地区的增长更
为明显，2008 年全球对果胶的总需求量大约 39 000 吨。 
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